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(54) Magnetic cart reader and method for determining the coercive force of a magnetic card 
therein 



(57) A magnetic card reader comprises a card 
insertion slot, a magnetic head for regenerating or 
recording magnetic information formed on a card to be 
inserted in the cart insertion slot and a determining 
device to determine coercive force of a data track for 
recording magnetic information of the card. A method 
for determining the coercive force of a magnetic card in 
a magnetic card reader in which magnetic information 
formed on a card to be inserted from a card insertion 
slot is regenerated or recorded by a magnetic head 
comprises the steps of providing a detecting portion 
which detects a change in static characteristics of the 
magnetic head and determining the coercive force of a 
data track by comparing output from the detecting por- 
tion, which detects a change in static characteristics of 
the magnetic head while being positioned across from 
the card, with a reference signal. 
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Description 

BA C K G R OU ND Q F THE INVENTION 

a) Field of the Invention s 

[0001] The present invention relates to a magnetic 
card reader and a method for determining the coercive 
force of a magnetic card therein. More specifically, it 
relates to a magnetic card reader, which has a function 10 
to automatically determines whether the coercive force 
of a magnetic card is high or low, and a method for 
determining the coercive force of a magnetic card 
therein. 

15 

b) Pescription of the Related Art 

[0002] In a conventional magnetic card reader, mag- 
netic cards having identical coercive force are used. In 
other words, the coercive force of magnetic cards used 20 
therein is designated in advance; therefore, such a 
magnetic card reader is not capable of handling mag- 
netic cards with more than two different levels of the 
coercive force. 

[0003] Also, the coercive force is defined as a force of 25 
a magnetic field required to reverse the direction of a 
magnetic flux, and its unit is indicated by Oe (oersted) or 
A/m (ampere per meter). 

[0004] In recent years, it is reported that data on a 
magnetic card, such as a credit card, are erased due to 30 
the effects of magnets used for clasps of purses or mag- 
nets used for driving a motor in a mechanism of a port- 
able phone to notify receiving of a message by vibration. 
Therefore, it is a current tendency that the coercive 
force of magnetic cards be increased. For example, low 35 
coercive force cards at 300 (Oe) are tended to be 
altered to high coercive force cards at 2,750 (Oe). As a 
result, there is a possibility that both low coercive force 
cards and high coercive force cards may be used with 
the same card reader during a transition period. 40 
[0005] In general, in the case of writing data on mag- 
netic cards with different coercive forces, appropriate 
card output cannot be obtained unless appropriate writ- 
ing current corresponds to the coercive force. There- 
fore, it is necessary to equip a magnetic card reader 45 
with a function for determining whether a magnetic card 
inserted from a card insertion slot is a high coercive 
force card or low coercive force card to establish appro- 
priate writing current corresponding to the coercive 
force of the magnetic card. so 

QPJECT AND SUMMARY QF THE INVENTION 

[0006] The present invention has, as its primary 
object, the provision of a magnetic card reader, which 55 
determines the coercive force of a magnetic card used 
therewith, and a method for determining the coercive 
force of a magnetic card therein. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] In the drawings: 

Figure 1 is a schematic configuration showing an 
embodiment of a magnetic card reader according to 
the present invention; 

Figure 2 is a diagram showing writing characteris- 
tics of a high coercive force card by a head for a 
high coercive force card; 

Figure 3 is a diagram showing writing characteris- 
tics of a low coercive force card by a head for a high 
coercive force card; 

Figure 4 shows writing characteristics of a low coer- 
cive force card by a head for a high coercive force 
card in the case of an increased current value for 
the characteristic of Figure 3; 
Figure 5 is a flow chart of a first embodiment of a 
method for determining the coercive face of a mag- 
netic force in a magnetic card reader according to 
the present invention; 

Figure 6 is a flow chart of a second embodiment of 
a method for determining the coercive force of a 
magnetic force in a magnetic card reader according 
to the present invention; 

Figure 7 is a flow chart of a third embodiment of a 
method for determining the coercive face of a mag- 
netic force in a magnetic card reader according to 
the present invention; 

Figure 8 is a flow chart of a fourth embodiment of a 
method for determining the coercive face of a mag- 
netic force in a magnetic card reader according to 
the present invention; 

Figure 9 is a block diagram showing another 
embodiment of a magnetic card reader according to 
the present invention; and 
Figure 10 is a schematic configuration of a mag- 
netic head of the magnetic card reader of Figure 9. 

[0008] In accordance with the invention, a magnetic 
card reader comprises a card insertion slot, a magnetic 
head for regenerating or recording magnetic information 
formed on a card to be inserted in the cart insertion slot 
and a determining device to determine coercive force of 
a data track for recording magnetic information of the 
card. Also in accordance with the invention, a method 
for determining the coercive force of a magnetic card in 
a magnetic card reader in which magnetic information 
formed on a card to be inserted from a card insertion 
slot is regenerated or recorded by a magnetic head 
comprises the steps of providing a detecting portion 
which detects a change in static characteristics of the 
magnetic head and determining the coercive force of a 
data track by comparing output from the detecting por- 
tion, which detects a change in static characteristics of 
the magnetic head while being positioned across from 
the card, with a reference signal. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0009] The following describes a structure of the 
present invention in relation to drawings. 
[001 0] Figure 1 shows an embodiment of a magnetic 
card reader of the present invention. Also, the card 
reader of this embodiment corresponds to a low coer- 
cive force card at 300 (Oe) and a high coercive force 
card at 2,750 (Oe). 

[0011] The magnetic card reader is such that mag- 
netic information formed on magnetic card 1 inserted 
from card insertion slot 2 is regenerated or recorded by 
magnetic head 3; it also comprises a determining 
means to determine the coercive force of a data track to 
record the magnetic information. The determining 
means comprises the coercive force determining por- 
tion which records or erases data via magnetic head 3 
at a given current as well as determines the coercive 
force of magnetic card 1 by regenerating the data. Also, 
control portion 10 comprises original data memory 
(memory portion) 5 which stores the data already 
recorded on the data track prior to recording of the data 
at the given current. 

[0012] Magnetic card 1 inserted from card insertion 
slot 2 is transferred by a pair of rollers 7, 7 which are 
driven by card driving means 6. Card driving means 6 
drives the card to the right or to the left by rotating pair 
of rollers 7, 7 forward or backward based on signals 
from sensors 8, 8. 

[001 3] Magnetic head 3 is, for example, used for high 
coercive force cards at 2,750 (Oe); however, it can be 
used for low coercive force cards at 300 (Oe) by chang- 
ing the intensity of the current. Magnetic head 3 has 
recording and regenerating functions and is controlled 
by magnetic head control portion 9. Figure 2 shows a 
writing characteristic in the case of writing onto a high 
coercive force card with magnetic head 3. A saturation 
current value is 125 mA 0-p (zero peak). In general, the 
writing current is established at a value which is 1 .5 to 3 
fold of the saturation current value, considering the 
range of the writing ability of magnetic head 3. Accord- 
ing to a regulation regarding ISO's test writing current of 
a high coercive force card, it is suggested to perform 
writing at a current of a value 2.5 to 3.5 fold of a current 
value at which the output is 80% of the saturation cur- 
rent value. In other words, the output at saturation is 7.8 
mV such that 80% of the output at saturation is 7.8 x 0.8 
■ 6.24 mV. The writing current value at which this output 
value can be obtained is 66 mA (see Figure 2). Also, by 
multiplying 66 mA by 3, 66 x 3 = 198 mA is an appropri- 
ate writing current value to write onto the high coercive 
force card and is determined to be about 200 mA 0-p. 
[0014] On the other hand, Figure 3 shows a writing 
characteristic in the case of writing onto a low coercive 
force card with magnetic head 3. The saturation current 
value is 12.5 mA. The writing current value at which the 
output is 80% of the saturation current value is 7.5 mA 



such that 7.5 x 3 = 22.5 mA 0-p is an appropriate writing 
current value. 

[0015] Figure 4 shows a characteristic in the case of 
an increased current value for the characteristic of Fig- 

5 ure 3. The following considers the case of writing onto a 
low coercive force card at a writing current appropriate 
for a high coercive force card. In other words, writing of 
the low coercive force card is performed at 200 mA 0-p, 
which means that the writing current is excessive such 

10 that the output is reduced to 2.6 / 5.7 x 100 = 46%, as 
shown in Figure 4. In the case of reading magnetic card 
1 with the output at 46% of the value at saturation, there 
is a possibility that some cards may not be suitable for 
data reading due to further decreased output if there is 

is a spacing loss because of the warping of a card. 

[0016] As described above, an appropriate reading 
output is not obtained in the case of writing onto a low 
coercive force card at a writing current appropriate for a 
high coercive force card. Similarly, an appropriate read- 

20 ing output is not obtained in the case of writing onto a 
high coercive force card at a writing current appropriate 
for a low coercive force card. 
[001 7] In other words, in the case of writing onto a low 
coercive force card at a writing current appropriate for a 

25 low coercive force card, the obtained output is over 90% 
of the value at saturation; on the other hand, in the case 
of writing onto the same card at a writing current appro- 
priate for a high coercive force card, the obtained output 
drops to 46% of the value at saturation. Also, in the case 

30 of writing onto a high coercive force card at a writing 
current appropriate for a low coercive force card, data 
which existed before the writing remain thereon (if the 
data are erased in advance, there is no output); on the 
other hand, in the case of writing onto the same card at 

35 a writing current appropriate for a high coercive force 
card, the obtained output is over 90% of the value at sat- 
uration. In the present invention, these principles are a 
guide to a method for determining a low coercive force 
card or a high coercive force card. 

40 [0018] The following explains a detailed method for 
determining the coercive force of magnetic card 1 . Con- 
trol portion 10 determines the coercive force by running 
a program described below. 
[0019] According to a first determination method 

45 shown in Figure 5, after recording test data onto a data 
track of magnetic card 1 at a current corresponding to a 
low coercive force card (writing current appropriate for a 
low coercive force card), the recorded data are regener- 
ated such that the card is determined to be a low coer- 

50 cive force card if the regenerated data are identical to 
the test data. Before recording the test data onto the 
data track at the given current, data which are previ- 
ously recorded on the data track are regenerated for 
storing in order to protect them, and the stored data are 

55 recorded on the data track after determination of the 
coercive force. 

[0020] More specifically, first, after taking into mag- 
netic card 1 from card insertion slot 2 (step 31), data 
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which are previously recorded on the data track of mag- 
netic card 1 ("original data" hereafter) are read to be 
stored in original data memory 5 (step 32). Then, the 
test data are written onto the card at 22.5 mA 0-p, which 
is a current for writing onto a low coercive force card 
(step 33). Herein, the test data are different from the 
original data. 

[0021] Afterward, the written test data are read (step 
34). If magnetic card 1 which is inserted in the card 
reader is a low coercive force card, contents of the data 
track are written over by the test data such that the read 
data shall be identical to the test data. Therefore, by 
comparing the read data and the test data (step 35), if 
the two are identical, it is determined that magnetic card 
1 is a low coercive force card (step 36). Then, this pro- 
gram is completed after writing the original data onto 
the data track at an appropriate current, that is, a cur- 
rent for a low coercive force card (step 38). 
[0022] Also, in the case of writing the original data 
onto the data track, writing may be performed for data 
which are normally processed original data; or, the writ- 
ten original data can be processed based on the coer- 
cive force prior to recording of the data (writing of the 
original data can be performed in a similar manner in 
other determination methods). 
[0023] On the other hand, if magnetic card 1 which is 
inserted in the card reader is a high coercive force card, 
the contents of the data track are written over by the test 
data such that the read data shall be different from the 
test data. Therefore, if the read data are different from 
the test data, magnetic card 1 is determined to be a high 
coercive force card (step 37); the program is completed 
after writing the original data onto the data track at an 
appropriate current for a high coercive force card (step 
38). 

[0024] As described above, writing of the data is per- 
formed at a writing current appropriate for each card 
after determining whether magnetic card 1 is a low coer- 
cive force card or a high coercive force card. Conse- 
quently, even though both high coercive force cards and 
low coercive force cards are used in the market, one 
card reader can process both kinds of magnetic cards. 
[0025] The following explains a second method for 
determining the coercive force of a magnetic card in ref- 
erence to Figure 6. In this method, after recording the 
test data onto the data track of magnetic card 1 at a cur- 
rent corresponding to a high coercive force card (writing 
current appropriate for a high coercive force card), the 
card is determined to be a high coercive force card if the 
regeneration output obtained is above a given value. 
Also, the process in which the original data are read for 
storing prior to recording the test data onto the data 
track at a given current is the same as in the first method 
of determination. 

[0026] To described the above in detail, first, magnetic 
card 1 is taken in from card insertion slot 2 (step 41 ) and 
the original data are read for being stored in original 
data memory 5 (step 42). Then, the test data are written 
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onto the card at 200 mA 0-p, the current for writing a 
high coercive force card (step 43). 
[0027] Then, the written test data are read (step 44). 
Herein, if magnetic card 1 inserted in the card reader is 

5 a high coercive force card, the test data shall be excel- 
lently written on the data track such that the reading out- 
put must be over a given value. Therefore, whether the 
reading output is over the given value is determined 
(step 45). If the reading output is higher than the given 

10 value, it is determined that magnetic card 1 is a high 
coercive force card (step 46) such that this program is 
completed after writing the original data (or their proc- 
essed data) onto the data track at a current appropriate 
for a high coercive force card (step 48). 

15 [0028] On the other hand, if magnetic card 1 inserted 
in the card reader is a low coercive force card, writing of 
the test data onto the data track shall be insufficient 
such that the reading output must be below the given 
value. In this case, it is determined that magnetic card 1 

20 is a low coercive force card (step 47) such that this pro- 
gram is completed after writing the original data onto 
the data track at a current appropriate for a low coercive 
force card (step 48). 

[0029] It is preferable that the given value in step 45 is 
25 established to, for example, 60% of the value at satura- 
tion, considering variation in the output of magnetic card 
1. 

[0030] The following describes a third method for 
determining the coercive force of a magnetic card in ref- 

30 erence to Figure 7. In this method, after erasing the data 
recorded on the data track of magnetic card 1 , the test 
data are recorded at a current corresponding to a low 
coercive force card, then the card is determined to be a 
low coercive force card if the regeneration output is over 

35 a given value. 

[0031 ] To describe the above in detail, first, magnetic 
card 1 is taken in from card insertion slot 2 (step 51) and 
the original data are read for being stored in original 
data memory 5 (step 52). Then, after the original data 

40 are DC-erased onto the card at 200 mA 0-p, the current 
appropriate for a high coercive force card (step 53), the 
test data are written onto the card at 22.5 mA 0-p. the 
current appropriate for a low coercive force card (step 

54) . 

45 [0032] Thereafter, the written test data are read (step 

55) . Herein, if magnetic card 1 inserted in the card 
reader is a low coercive force card, the test data shall be 
excellently written on the data track such that the read- 
ing output must be over a given value. Therefore, 

so whether the reading output is over the given value is 
determined (step 56). If the reading output is higher 
than the given value, it is determined that magnetic card 
1 is a low coercive force card (step 57) such that this 
program is completed after writing the original data onto 

55 the data track at an appropriate current (step 59). 
[0033] On the other hand, if magnetic card inserted in 
the card reader is a high coercive force card, writing of 
the test data onto the data track shall be insufficient 
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such that the reading output must be below the given 
value. In this case, it is determined that magnetic card 1 
is a high coercive force card (step 58) such that this pro- 
gram is completed after writing the original data onto 
the data track at an appropriate current (step 59). s 
[0034] The following describes a fourth method for 
determining the coercive force of a magnetic card in ref- 
erence to Figure 8. In this method, data recorded on the 
data track of magnetic card are erased at a current, at 
which only the data on a low coercive force card can be 10 
erased, and it is determined that the card is a high coer- 
cive force card if the regenerating output is over a given 
value. 

[0035] To describe the above in detail, first, magnetic 
card 1 is taken in from card insertion slot 2 (step 61) and is 
the original data are read for being stored in original 
data memory 5 (step 62). Then, after the original data 
are DC-erased onto the card at 22.5 mA 6-p, the current 
appropriate for a low coercive force card (step 63), the 
original data are read (step 64). 20 
[0036] Herein, if magnetic card 1 inserted in the card 
reader is a high coercive force card, erasing of the data 
shall not be excellently performed at a writing current 
appropriate for a low coercive force card; as a result, the 
original data must remain thereon such that the reading 25 
output must be over the given value. Therefore, whether 
the reading output is over the given value is determined 
(step 65). If it is over the given value, it is determined 
that magnetic card 1 is a high coercive force card (step 
65) such that this program is completed after writing the 30 
original data onto the data track at an appropriate cur- 
rent (step 68). 

[0037] On the other hand, if magnetic card 1 inserted 
in the card reader is a low coercive force card, erasing 
of the original data is excellently performed such that 35 
the reading output must be below the given value. In this 
case, it is determined that magnetic card 1 is a low coer- 
cive force card (step 67) such that this program is com- 
pleted after writing the original data onto the data track 
at an appropriate current (step 68). 40 
[0038] The above embodiments are preferred exam- 
ples of the present invention; however, one is not limited 
to these but various modifications are applicable within 
the scope of the objective of the present invention. For 
example, in the above embodiments, the card reader 45 
intends to distinguish a card of 300 (Oe) as a low coer- 
cive force card and a card of 2,750 (Oe) as a high coer- 
cive force card; however, the range of the coercive force 
is not limited to the above. 

[0039] Also, in the above embodiments, reading, writ- so 
ing and erasing are carried out by one magnetic head 3; 
however, they can be performed by separate magnetic 
heads. In this case, all the processes can be carried out 
in one card driving. 

[0040] Furthermore, in the above embodiments, 55 
recording of the original data is carried out prior to 
determination of the coercive force of a magnetic card; 
however, the steps of recording the original data and 



writing can be omitted rf it is unnecessary to record the 
original data. 

[0041 ] The following describes embodiments in which 
the coercive force is determined based on a fact that 
static characteristics of a magnetic head vary depend- 
ing on whether or not a magnetic card exists therein or 
on differences in the coercive forces. 
[0042] Static characteristics of a magnetic head vary 
depending on whether or not a magnetic card exists 
therein or on differences in the ooercive force. There- 
fore, a data track of a magnetic card is placed across 
from the magnetic head after the card is inserted from a 
card insertion slot, static characteristics of the magnetic 
head vary according to values corresponding to the 
coercive force of the data track. As a result, the coercive 
force of the data track can be determined based on the 
change in static characteristics of the magnetic head 
such that data can be written onto the data track at a 
current appropriate for the coercive force. 
[0043] Figure 9 shows an embodiment using changes 
in static characteristics of the magnetic head wherein 
magnetic information on a magnetic card inserted from 
the card insertion slot is read or written by magnetic 
head 21; a card reader or this embodiment comprises 
determining means 11 which determines the coercive 
force of the data track in order to write the magnetic 
information. Determining means 1 1 comprises detect- 
ing portion 12 which detects changes in static charac- 
teristics of magnetic head 21 when being placed across 
from the magnetic card. 

[0044] Detecting portion 12 comprises oscillator cir- 
cuit 20, which has condenser 23 connected to coil 21a 
and coil 21a as a part thereof; determining means 11 
determines the coercive force of the data track by com- 
paring the output of oscillator circuit 20 to reference sig- 
nals. Also, the reference signals are established based 
on the signals of oscillator circuit 20 when the magnetic 
card is not placed across from magnetic head 2 1 . These 
reference signals are different from values of the output 
from the oscillator circuit when the magnetic card is 
placed across from magnetic card 21 such that the 
coercive force of the data track can be determined by 
comparing the output of the oscillator circuit when the 
magnetic card is placed across from magnetic head 21 
with the reference signals. 

[0045] Magnetic head 21 of detecting portion 12 is 
connected to oscillator circuit 20 together with con- 
denser 23. Magnetic head 21 and condenser 23 are 
used as a part of a constant for determining oscillation 
frequency. Also, switch for stopping oscillation 24 is 
formed between magnetic head 21 and condenser 23. 
[0046] The output of oscillator circuit 20 is phase-com- 
pared with the output of voltage-controlled oscillator 
(VCO) 26 in phase comparator 25. A phase difference 
(error) of the output of oscillator circuit 20 and the output 
of VCO 26 compared in phase comparator 25 is entered 
to reference voltage 28 and differential amplifier 29 via 
low-pass filter (LPF) 27. Reference voltage 28 has the 
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function of sample holding to hold a level of signals for 
arbitrary timing of the output of LPF 27 by sampling sig- 
nals. The sampling signals are provided as pulse sig- 
nals immediately prior to the magnetic card contacting 
magnetic head 21 ; then, the output voltage level of LPF 
27 is held in relation to reference voltage 28, and. in 
turn, becomes a reference voltage. 
[0047] Differential amplifier 29 is a direct current 
amplifier. Logic determination portion 30, comprising a 
comparator and the like, monitors the differentially 
amplified output voltage of the differential amplifier and 
determines whether the output is a voltage correspond- 
ing to a high coercive force card or low coercive force 
card such that binary signals can be provided. 
[0048] The following describes a principle for deter- 
mining the coercive force of a magnetic card based on 
static characteristics of the magnetic head. 
[0049] Magnetic head 21, as shown in Figure 10. is 
structured such that coil 21a is wound around magnetic 
core 21b made of materials such as Sendust and per- 
malloy wherein its magnetic path is discontinued by gap 
portion 21c on the driving plane of magnetic card 1. 
Inductance L of magnetic head 21 can be expressed as: 

L = (47iN 2 x10 6 )/(R c + R GAP ) 

when: 

N = number of turns of coil 21 a; 
Rc= magnetic reluctant of magnetic core 21b; 
and 

Rqap = magnetic reluctant of gap portion 21 c. 

[0050] Magnetic reluctant of gap portion 21c Rq AP 
varies depending on whether or not magnetic card 
exists therein or on differences in permeability of the 
data track (magnetic body) of the magnetic card. When 
magnetic reluctant R GAP varies, inductance L varies 
accordingly such that it is true that inductance L varies 
depending on differences in the coercive force of the 
data track. In actual measurement, for example, induct- 
ance L is 4.50 mH when the magnetic head is placed 
across from a high coercive force card (2,750 (Oe)), and 
4.54 mH when the magnetic head is placed across from 
a low coercive force card (300 (Oe)) in an example of a 
head corresponding to a readable / writable high coer- 
cive force card. Since inductance L varies according to 
the coercive force, it is possible to determine whether 
magnetic card 1 is a high coercive force card or a low 
coercive force card by comparing inductance L with the 
reference signals. 

[0051] In this method for determining the coercive 
force of a magnetic card, the coercive force of the data 
track is determined by comparing the static characteris- 
tics of a magnetic head, when being placed across from 
magnetic card 1, with the reference signals. Also, coil 
21a, wound around magnetic head 21. is formed as a 
part of oscillator circuit 20, and the reference signals are 



established based on signals of oscillator circuit 20 
immediately prior to magnetic card 1 being placed 
across from magnetic head 21 . 
[0052] In other words, inductance L of magnetic head 
5 21 varies according to the coercive force of magnetic 
card 1 such that oscillation frequency generated by 
oscillator circuit 20 varies based on whether magnetic 
card 1 is a high coercive force card or a low coercive 
force card. 

10 [0053] Prior to insertion of magnetic card 1 , the error 
signals provided by phase comparator 25 are already at 
a stable voltage. However, there is a phase difference 
between the two signals which are entered into phase 
comparator 25 due to insertion of magnetic card 1 , that 

15 is, the signals from oscillator circuit 20 and the signals 
from VCO 26. This phase difference is differentially 
amplified as a voltage signal. The output signals ampli- 
fied by differential amplifier 29 vary depending on 
whether inserted magnetic card 1 is a high coercive 

20 force card or a low coercive force card; therefore, the 
coercive force of magnetic card 1 can be determined by 
determining by which kind of magnetic card 1 causes 
the voltage level. Also, the differential amplifying is car- 
ried out in reference to the voltage of LPF output imme- 

25 diately prior to insertion of magnetic card 1 such that 
[the voltage level] can be correctly determined even 
when there is a fluctuation in the characteristics of mag- 
netic head 21 or in the oscillation frequency due to dis- 
turbance noises. 

30 [0054] Furthermore, the above embodiment is a pref- 
erable example of the present invention; however, one is 
not limited to above, and various modifications can be 
applied within the scope of the present invention. For 
example, determination is carried out by defining a 

35 change in inductance L as a change in the oscillation 
frequency; however, it is possible to directly use a 
change in inductance L or to define it as a change in 
impedance. 

[0055] Moreover, in the above description, one mag- 

40 netic head 1 performs normal reading / writing and 
determination of the coercive force; however, it is possi- 
ble to form a separate head for determining the coercive 
force such that both determination and reading / writing 
can be performed in one driving of a card. 

45 [0056] As described above, according to the magnetic 
card reader of the present invention, a determining 
means to determine the coercive force of the data track 
for recording magnetic information is formed such that 
differentiation of a magnetic card is performed even 

so when magnetic cards with different the coercive forces 
are used. Furthermore, data can be written at a writing 
current appropriate for each kind of card. 
[0057] Additionally, according to the method for deter- 
mining the coercive force of a magnetic card of the 

55 present invention, the coercive force of the data track is 
determined by a regeneration output of data after 
recording or erasing the data at a given current on / from 
the data track by the magnetic head in a magnetic card 



6 



11 



EP0 903 682 A2 



12 



reader in which magnetic information formed on a card 
inserted from a card insertion slot is regenerated or 
recorded by the magnetic head. Therefore, the coercive 
force of the magnetic card can be determined based on 
the relationship between the current value at which the 
data are recorded or erased and the regeneration out- 
put value. 

[0058] Moreover, the coercive force of the magnetic 
card can be determined based on changes in static 
characteristics of the magnetic head. As a result, even 
when it is not known whether the magnetic card is a 
high coercive force card or a low coercive force card, it 
can be automatically determined such that writing is 
performed at a current appropriate for each card. 
[0059] While the foregoing description and drawings 
represent the preferred embodiments of the present 
invention, it will be obvious to those skilled in the art that 
various changes and modifications may be made 
therein without departing from the true spirit and scope 
of the present invention. 

Claims 



then determining the coercive force of said 
data track by the regeneration output of said 
data 

5 5. The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 
in Claim 4 in which prior to recording or erasing 
data onto or from said data track by said magnetic 
head at said given current, said data on said data 

10 track are regenerated for storing by regeneration 
such that said stored data are recorded on said 
data track after determination of said the coercive 
force. 

15 6. The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 
in Claim 4 in which after recording test data onto 
said data track at a current corresponding to a low 
coercive force card, said test data are regenerated 

20 such that said card is determined to be a low coer- 
cive force card if said regenerated data are identical 
to said test data. 



1 . A magnetic card reader comprising: 

a card insertion slot; 

a magnetic head for regenerating or recording 
magnetic information formed on a card to be 
inserted in said card insertion slot; and 
a determining means to determine coercive 
force of a data track for recording magnetic 
information of said card. 

2. The magnetic card reader described in Claim 1 in 
which said determining means comprises a coer- 
cive force determining portion which: 

records or erases data onto or from said data 
track at a given current via said magnetic head 
while regenerating said data; and 
determines said the coercive force by said 
regenerated output. 

3. The magnetic card reader described in Claim 2 
comprising a memory portion which stores data 
recorded on said data track prior to recording said 
data at said given current. 

4. A method for determining the coercive force of a 
magnetic card in a magnetic card reader in which 
magnetic information formed on a card to be 
inserted from a card insertion slot is regenerated or 
recorded by a magnetic head comprising the steps 
of: 

first recording or erasing data onto or from a 
data track by said magnetic head at a given 
current; and 
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11. 



The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 
in Claim 4 in which after recording test data onto 
said data track at a current corresponding to a high 
coercive force card, said test data are regenerated 
such that said card is determined to be a high coer- 
cive force card if said regenerated output is higher 
than a given value. 

The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 
in Claim 4 in which after erasing data recorded on 
said data track, test data are recorded on said data 
track at a current corresponding to a low coercive 
force card such that said card is determined to be a 
low coercive force card if regenerated output is 
higher than a given value. 

The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 
in Claim 4 in which recorded data recorded on said 
data track are erased at a current, at which only 
data on a low coercive force card are erasable, 
such that said card is determined to be a high coer- 
cive force card if regenerated output on said data 
track is higher than a given value. 

The magnetic card reader described in Claim 1 in 
which said determining means comprises a detect- 
ing portion which detects a change in static charac- 
teristics of said magnetic head when said magnetic 
head is positioned across from said card. 

The magnetic card reader described in Claim 10 in 
which said detecting portion has a coil wound 
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around said magnetic head as a part of an oscillator 
circuit such that said determining means deter- 
mines the coercive force of said data track by com- 
paring output from said oscillator circuit with a 
reference signal. 5 

12. The magnetic card reader described in Claim 11 in 
which said reference signal is established based on 
output of said oscillator circuit when said card is not 
positioned across from said magnetic head. 10 

13. The magnetic card reader described in Claim 1 1 in 
which said coil is fa reading and / or writing of said 
magnetic head. 

15 

14. A method for determining the coercive force of a 
magnetic card in a magnetic card reader in which 
magnetic information formed on a card to be 
inserted from a card insertion slot is regenerated or 
recorded by a magnetic head comprising the steps 20 
of: 

providing a detecting portion which detects a 
change in static characteristics of said mag- 
netic head; and 25 
determining the coercive force of a data track 
by comparing output from said detecting por- 
tion, which detects a change in static charac- 
teristics of said magnetic head while being 
positioned across from said card, with a refer- 30 
ence signal. 

1 5. The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 

in Claim 1 4 in which a coil wound around said mag- 35 
netic head is formed as a part of an oscillator circuit 
such that said reference signal is established based 
on the output of said oscillator circuit when said 
card is not positioned across from said magnetic 
head. 40 

16. The method for determining the coercive force of a 
magnetic card in a magnetic card reader described 
in Claim 15 in which said coil is for reading and / or 
writing by said magnetic head. 45 
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